Salvinorin A (1), which was isolated from the Mexican sage Salvia divinorum [1] , is a densely functionalized furolactone neo-clerodane diterpenoid that is notable for its seven asymmetric centers and five different oxygen functionalities. Because of it having the strongest hallucinogenic activity among compounds such as lysergic acid diethylamide and other nitrogenous hallucinogenic compounds [2], salvinorin A (1) has attracted considerable attention, in which much effort has been devoted to the investigation of new natural congeners; as a result, eight have been isolated to date ( Figure 1) [3a] as a minor constituent of Salvia divinorum. Although minor in nature, salvinorin F (6) is expected to be a key compound for the synthesis of salvinorins C (3) to I (9), because each has a double bond at C-3. In order to obtain a wide array of salvinorin derivatives for SAR study, the chemical transformations of salvinorin A (1) and its congeners to more potent derivatives have been extensively investigated [4] . However, the introduction of 3,4-unsaturation into salvinorin A (1) clearly poses a formidable synthetic challenge.
Following the first total synthesis by Evans et al. [5] , we also reported total synthesis of salvinorin A (1) from Wieland-Miescher ketone derivative 10 [6] and subsequently a more expedient second-generation synthesis [7] , in which ester and lactone moieties were introduced by palladium-catalyzed double carbonylation to bis(enol triflate), followed by double samarium diiodide (SmI 2 )-mediated conjugate reduction. In view of the potential of salvinorin F (6) as a general starting material for the syntheses of salvinorins C (3) to I (9), we present herein the first total synthesis of salvinorin F (6) .
Starting from Wieland-Miescher ketone derivative 10 (100% ee), bis-unsaturated compound 11 was synthesized via a palladium-catalyzed double carbonylation protocol in 7 steps, as previously reported (Scheme 1) [7] . In order to synthesize salvinorin F (6), regioselective reduction of the double bond at C-7 of bis-olefin 11 was required (Scheme 1). Our initial attempts to reduce the double bond by using L-or K-selectride mainly resulted in recovery of starting bis-olefin 11. In addition, reduction with lithium naphthalenide provided a complex mixture. Thus, we turned our attention to conjugate reduction with SmI 2 (Table 1) . At low temperature, the double bond at C-7 was reduced more readily. Optimization of the proton source revealed that the reaction proceeded more rapidly with acetic acid than H 2 O (Entries 1-3), although in moderate yield. The addition of HMPA instead of triethylamine as a ligand resulted in decomposition of all substrates (Entry 4). The amount of recovered product was improved by changing the solvent from THF to toluene (Entry 5). In addition, the recovery of substrate was improved by passing oxygen when quenching SmI 2 [8] .
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Higher reaction temperature increased the amount of double reduction products 14 and 15 (Entry 5). Fortunately, single reduction proceeded regioselectively in toluene at 0°C in the presence of pivalic acid and in the absence of triethylamine to afford dihydro products 8R-12 and 8S-13 in 21% and 62% yields, respectively (Entry 7). Selective reduction at C-7 might occur because of the fixed co-planer s-cis-geometry. The importance of the geometry can be understood from the result that bis-unsaturated ester 16 underwent selective reduction of the less hindered double bond at C-3.
For determination of the relative stereochemistry of the new chiral centers introduced at C-8 of 12 and 13, the coupling constants of the protons at C-12 were diagnostic, in which the proton of 12 appeared as a dd (J = 11.2 and 5.9 Hz), while the proton of 13 appeared as a d (J = 11.4 Hz), as shown in our previous total synthesis of salvinorin (1) [7] . The preferential formation of the 8S-stereocenter of 13 is explained by the kinetically controlled axial protonation of the intermediary samarium lactone-enolate. Attempts to alter the course of axial protonation at C-8 by the addition of a bulky proton source, such as pivalic acid or 1-adamantanol, did not increase the amount of the 8R-isomer 12 (Entries 6 and 7). Since C-8 of salvinorins readily isomerizes to give an equilibrium mixture of R and S isomers under either weakly basic or acidic conditions, deprotection of the silyl ether of 8R-isomer 12 was carried out carefully under neutral conditions with a combination of tetrabutylammonium fluoride (TBAF) and acetic acid to furnish salvinorin F (6) [9] in 81% yield (Scheme 2). However, treatment of the undesired 8S-isomer 13 with only TBAF proceeded with concomitant isomerization to provide a mixture of salvinorin F (6) and 8-epi-salvinorin F (17) in a 1:3 ratio. Base-catalyzed isomerization of 17 also provided compounds 6 and 17 in a 1:3 ratio, even though salvinorin F (6) is more stable to be 3.9 and 2.3 kcal/mol more than 8-epi-salvinorin F (17), according to approximate evaluation by MM-2 and PM-3 calculations, respectively. The epimerization at C-8 apparently Total synthesis of salvinorin F Natural Product Communications Vol. 6 (3) 2011 335 proceeded via lactone enolate, and not via the route proposed in ref 1b. Higher acidity of the proton at C-8 is yet to be discussed.
In summary, we have completed the first synthesis of the neo-clerodane diterpenoid salvinorin F (6) via SmI 2 regioselective conjugate reduction of the unsaturated lactonic moiety, which might be expected to be a synthetic precursor of salvinorins 3 ~ 9 having a double bond at C-3.
